Background The aim of this study was to investigate the impact of being underweight on the long-term outcomes of gastric cancer patients. Methods This study reviewed the medical records of 638 patients with gastric cancer who underwent gastrectomy between January 2003 and December 2011. The patients were divided into three groups according to the WHO classification: underweight (BMI \18.5 kg/m 2 ), normal weight (BMI C18.5 and\25 kg/m 2 ), and overweight (BMI C25 kg/m 2 ). A multivariate analysis was performed to identify prognostic factors. Results The mean BMI immediately before surgery was 22.5 kg/m 2 (standard deviation, 3.3 kg/m 2 ). According to the BMI subgroup, 73 patients (11.4 %) were underweight, 431 patients (67.6 %) were of normal weight, and 134 patients (21 %) were overweight. The 5-year overall survival (OS) rate was 66.6 % in the underweight patients, 81.3 % in the normal weight patients, and 79.9 % in the overweight patients (P = 0.001). The OS rate was significantly lower in the underweight patients than in the normal weight and overweight patients among those with stage I disease, and it was also lower than in the normal weight patients among those with stage II and III disease. In the multivariate analysis, being underweight was found to be an independent predictor of OS, but it was not an independent predictor among patients with stage II and III disease.
Introduction
To date, a number of studies have investigated the influence of various nutritional parameters on surgical outcomes, and preoperative nutritional status has been shown to be associated with the incidence of postoperative complications [1] [2] [3] . In cancer patients, a low nutritional status has been suggested to carry a higher risk of both cancerrelated and non-cancer death [3, 4] . Therefore, the patient's nutritional status should be taken into consideration when planning cancer treatment.
The body mass index (BMI) is a simple and effective index of nutritional status. The effect of BMI on the longterm outcomes of gastric cancer patients has previously been reported, although with conflicting results. In addition, overweight status and obesity have been demonstrated to be associated with a worse prognosis, partly the result of a significantly lower number of retrieved lymph nodes [5] . In contrast, some studies have reported no associations between BMI and survival [6, 7] , although others have documented that being overweight or obese correlates with improved survival [8, 9] . These studies focused primarily on the prognostic value of being overweight or obese. On the other hand, recent studies have shown that being underweight is associated with a worse prognosis in various types of cancers, including colon cancer [10] , hepatocellular carcinoma [11] , nasopharyngeal carcinoma [12] , breast cancer [13, 14] , cervical carcinoma [15] , and urothelial carcinoma [16] . However, there is currently little information regarding the prognostic value in gastric cancer patients of being underweight [17] . Therefore, we retrospectively investigated the correlation between being underweight and various clinicopathological factors and assessed the impact of being underweight on long-term outcomes in gastric cancer patients.
Patients and methods

Patients
A total of 761 patients with histologically confirmed gastric cancer underwent gastrectomy between January 2003 and December 2011 at Nara Medical University Hospital. We excluded 63 patients treated with R1 and R2 resection, 45 patients who underwent preoperative chemotherapy, 13 patients who had stage IV disease, and 2 patients whose perioperative data were unavailable. Therefore, 638 patients were analyzed in this study.
Data
In the present study, BMI was calculated as the patient's weight (in kilograms) immediately before surgery divided by the square of the height (in meters). The patients were then divided into three groups-underweight (BMI \18.5 kg/m 2 ), normal weight (BMI C18.5 and \25 kg/ m 2 ), and overweight (BMI C25 kg/m 2 )-according to the World Health Organization (WHO) classification [18] .
We further obtained the subjects' clinicopathological and surgical findings from their medical records. The clinicopathological findings included patient age, sex, preexisting comorbidities (including cardiovascular disease, diabetes mellitus, and chronic renal failure), tumor depth, lymph node metastasis, and pathological cancer stage. A total of 133 patients (20.8 %) received postoperative adjuvant chemotherapy with an oral 5-fluorouracilbased regimen. The stage of gastric cancer was classified according to the 7th edition of the American Joint Committee on Cancer TNM classification system [19] . The surgical findings included duration of surgery, amount of blood loss, use of perioperative blood transfusions, number of lymph nodes removed, and length of postoperative hospital stay. The incidence of postoperative complications was also evaluated, and the severity of complications was defined according to the Clavien-Dindo classification [20] .
In addition, we collected data from blood tests performed immediately before the procedure, including carcinoembryonic antigen (CEA), carbohydrate antigen (CA)19-9, total lymphocyte count in the peripheral blood, and serum albumin and hemoglobin levels. Thereafter, the prognostic nutritional index (PNI) was determined using the following formula: 10 9 serum albumin value (g/ dl) ? 0.005 9 total lymphocyte count in the peripheral blood (/mm 3 ) [3] .
Statistical analysis
Categorical variables are presented as numbers and percentages, and groups were compared using the chi-square test. Continuous variables are expressed as the mean and standard deviation, and means were compared using a oneway analysis of variance (ANOVA). A post hoc analysis was also performed using the Tukey's or the GamesHowell procedure. At the time of the final follow-up (May 2014), the mean follow-up period was 50.6 months. Overall survival (OS) was defined as the duration from surgery to death, and disease-specific survival (DSS) was defined as the duration from surgery to death from gastric cancer. The survival curves were estimated according to the KaplanMeier method, and differences between the curves were analyzed using the log-rank test. The univariate and multivariate hazard ratios were calculated using a Cox proportional hazard model. All significant variables in the univariate analysis were entered into a multivariate analysis. A P value \0.05 was considered to be significant, and confidence intervals (CI) were calculated at the 95 % level. The statistical analyses were performed using the SPSS software program, version 19.0 (SPSS, Chicago, IL, USA).
Results
BMI and clinicopathological characteristics
Mean BMI immediately before surgery was 22.5 kg/m 2 (standard deviation, 3.3 kg/m 2 ). According to the WHO BMI subgroups, 73 patients (11.4 %) were underweight, 431 patients (67.6 %) were of normal weight, and 134 patients (21 %) were overweight.
The relationships between BMI and the clinicopathological characteristics are shown in Table 1 . Chronic renal failure was more common among the underweight patients than in the other groups (P = 0.031). There were statistically significant differences between the groups in terms of tumor depth (P = 0.014); high baseline CEA (P = 0.011) and CA19-9 (P = 0.001) levels were more frequently observed among the underweight patients than among the normal weight or overweight patients. Statistically significant differences were also observed between the groups with regard to serum albumin (P = 0.009), PNI (P \ 0.001), and hemoglobin (P \ 0.001) levels.
Surgical outcomes according to BMI subgroup
The surgical outcomes as stratified by BMI subgroup are shown in Table 2 . The mean duration of surgery was significantly longer in the overweight patients than in the underweight patients (Tukey's test, P = 0.001) and normal weight patients (Tukey's test, P = 0.006). The number of removed lymph nodes was significantly smaller in the overweight patients than in the normal weight patients (Tukey's test, P = 0.027). Postoperative complications occurred in 179 patients (28.1 %); the incidence of postoperative complications was similar between the groups (P = 0.63). (42.9 %) overweight patients (P = 0.997).
Postoperative survival
The 5-year OS rate was 66.6 % in the underweight patients, 81.3 % in the normal weight patients, and 79.9 % in the overweight patients (P = 0.001; Fig. 1a) ; the 5-year DSS rate was 82 % in the underweight patients, 88 % in the normal weight patients, and 87.1 % in the overweight patients (P = 0.353; Fig. 1b) . We next examined the prognostic impact of BMI depending on the cancer stage. The patients were subsequently divided into two groups: those with early-stage cancer (stage I, n = 417) and those with relatively advancedstage cancer (stage II and III, n = 221). The 5-year OS and DSS rates of the patients with stage I disease were 82.7 % and 97.6 % in the underweight patients, 89.4 % and 97.8 % in the normal weight patients, and 90.4 % and 96.2 % in the overweight patients, respectively (OS, P = 0.028; DSS, P = 0.761; Fig. 2 ), whereas those of the patients with stage II and III disease were 39.5 % and 53.5 % in the underweight patients, 66.9 % and 70.6 % in the normal weight patients, and 51.3 % and 61.7 % in the overweight patients, respectively (OS, P = 0.02; DSS, P = 0.276; Fig. 3 ). 
Predictive factors for OS
According to a univariate analysis of OS, the hazard ratios for being overweight and underweight were 1.08 (95 % CI, 0.693-1.682, P = 0.735) and 2.247 (95 % CI, 1.432-3.526, P \ 0.001), respectively. The multivariate analysis demonstrated that an underweight status (P = 0.02), chronic renal failure (P = 0.001), tumor depth (P \ 0.001), lymph node metastasis (P \ 0.001), CEA (P = 0.024), perioperative transfusion (P = 0.039), and postoperative complications (P = 0.018) were each independent prognostic factors for OS (Table 3) . We finally performed a multivariate survival analysis among the patients with stage II and III disease, and thus found underweight status to not be an independent predictor of OS (Table 4) .
Discussion
The present study demonstrated that being underweight is a reliable predictor of a worse prognosis among gastric cancer patients. Many studies have examined the relationship between BMI and prognosis in gastric cancer patients [5] [6] [7] [8] [9] . However, the prognostic significance for gastric cancer patients of being underweight remains unknown. In the present study, we found that the OS rate was significantly lower among the underweight patients than among the normal weight and overweight patients. In addition, previous studies have reported various predictors of the prognosis of gastric cancer patients, including tumor depth, lymph node metastasis, distant metastasis, tumor markers, and postoperative complications [21, 22] . Importantly, the multivariate analysis performed in the present study demonstrated that, in addition to these factors, being underweight is an independent predictor of OS (hazard ratio, 1.797; 95 % CI, 1.097-2.943; P = 0.02).
Previous studies have also reported that being underweight is associated with an increased risk of cancer recurrence [10, 11, 14] , and others have shown that being underweight is a factor for non-cancer death [13] . In the present study, we investigated the detailed causes of the poor prognoses of underweight patients and determined several important findings. First, the present underweight patients exhibited a higher risk of non-cancer death. Dignam et al. demonstrated a 3.47-fold increase in the hazard of death attributed to non-cancer causes among underweight breast cancer patients relative to that observed in normal weight breast cancer patients [13] . In the current study, in all 12 (16.4 %) underweight patients died of a cause other than cancer, whereas 21 (4.9 %) normal weight patients and 6 (4.5 %) overweight patients died of causes other than cancer (P \ 0.001). These causes included infection in 6 (8.2 %) underweight patients, 7 (1.6 %) normal weight patients, and 3 (2.2 %) overweight patients, with cardiac events in 1 (1.4 %), 6 (1.4 %), and 3 (2.2 %) patients, cerebral vascular events in 2 (2.7 %), 2 (0.5 %), and 0 patients, other causes in 1 (1.4 %), 4 (0.9 %), and 0 patients, and unknown causes in 2 (2.7 %), 2 (0.5 %), and 0 patients, respectively. Furthermore, the OS rate was significantly lower among the underweight patients than the normal weight or overweight patients among those with stage I disease, and most of these patients died of causes other than cancer (data not shown). These results suggest that a preoperative underweight status may increase the risk of non-cancer death, particularly regarding death from infection.
Second, on the other hand, being underweight was found to have little impact on death from gastric cancer. Several studies have reported an increased rate of cancer death among underweight cancer patients, including those with colon cancer, nasopharyngeal carcinoma, and breast cancer, suggesting that being underweight is associated with increased tumor aggressiveness and that this may contribute to both cancer recurrence and metastasis [10, 12, 14] . In the present study, the underweight patients had more aggressive tumors, as evidenced by high tumor marker levels, than the normal weight and overweight patients. In addition, the underweight patients had a significantly lower OS rate than the normal weight patients among those with relatively advanced-stage disease, and many of these patients died of a relapse of gastric cancer (data not shown). These findings suggest that an underweight status may be associated with a higher risk of gastric cancer recurrence and death. However, the DSS rate of the underweight patients did not differ from that of the other two groups. Furthermore, a multivariate analysis showed an underweight status to not be an independent predictor of OS among the patients with stage II and III disease. These results indicate that being underweight in itself may not increase the risk of gastric cancer death. Taken together, our data suggest that a preoperative underweight status carries a higher risk of non-cancer death but not of gastric cancer death. However, further investigations are required to fully understand the mechanisms involved in being underweight and its association with biological behavior of gastric cancer and patient survival, as the number of patients with stage II and III disease in the present study was relatively small.
Furthermore, previous studies have reported that a poor nutritional status is associated with increased toxicity and a decreased response to anti-cancer therapy [15, 23, 24] . Overweight and obese patients may have larger nutritional stores and have been shown to exhibit significantly lower rates of treatment-related toxicity, whereas underweight patients display higher toxicity rates. In the present study, the rate of withdrawal of adjuvant chemotherapy because of adverse events did not differ among the groups (data not shown). Therefore, the worse prognoses of the underweight patients were not likely the result of withdrawal of adjuvant chemotherapy. However, the present study is also associated with various limitations. First, this study is retrospective in nature, and the number of patients who received Impact of being underweight on the long-term outcomes of patients with gastric cancer 741 adjuvant chemotherapy was relatively small. Second, postoperative body weight was not evaluated. A recent study demonstrated postoperative body weight loss to be the most important risk factor for compliance with adjuvant chemotherapy in gastric cancer patients [25] . Further studies are therefore needed to elucidate the relationship between BMI and compliance with adjuvant chemotherapy. In addition, a previous study noted that underweight patients may include both undernourished patients and active, healthy individuals with an inherited lean body type, although at least some underweight patients are undernourished [14] . In the present study, serum albumin, PNI, and hemoglobin levels were significantly lower in the underweight patients than in the other patients. Therefore, the underweight category appears to include more undernourished patients than other categories.
Given that a preoperative underweight status is associated with a higher risk of non-cancer death, perioperative nutritional intervention may therefore reduce non-cancer death, such as death from infection, thereby improving the prognoses of underweight patients. Several trials have evaluated the effects of different nutrients on the short-term outcomes following various types of gastrointestinal surgery. For example, some studies have shown that perioperative nutrient supplementation significantly reduces the incidence of postoperative complications and length of hospital stay [26, 27] , whereas others have failed to demonstrate any benefits from nutrient therapy [28, 29] . Therefore, whether perioperative nutritional intervention in underweight patients with gastric cancer can improve their long-term outcome remains unclear. Further randomized prospective studies are therefore required to clarify this issue.
In conclusion, the present study demonstrated that being underweight is a simple and reliable predictor of a worse long-term outcome among gastric cancer patients. A preoperative underweight status may be associated with a higher risk of non-cancer death. Based on these results, we therefore suggest that the BMI should be included in the preoperative routine assessment of patients with gastric cancer. 
